The processing mineralogy characteristics of an oxidized lead-zinc ore from Sichuan were studied systematically using numerous modern instruments. Results showed that lead and zinc oxide content in the ore exceeded the minimum industrial grade, and also included a relatively high concentration of silver and iron. This ore is composed of many different minerals. Major zinc-containing minerals include sphalerite, hemimorphite, smithsonite, hydrozincite, zinc-containing baileychlore, and zinc-containing dolomite and calcite. Lead-containing minerals are primarily galena and cerussite with small amounts of dechenite, cesaronite, anglesite, limonite and coronadite. Gangue minerals include dolomite and calcite. Dissemination size for the main minerals ranges from medium (0.04 mm) to fine (0.02 mm). All the valuable minerals are well liberated, including galena, sphalerite, cerussite, calamine, and smithsonite. However, the dissemination relationships are complex. Lead is concentrated mainly in galena and cerussite, while zinc occurs primarily in sphalerite, calamine, and smithsonite. The theoretical recovery for lead and zinc were estimated at 72% and 67%, respectively.
shows the chemical compositions of the raw ore, indicating that both lead and zinc exceed the minimum industrial grade for lead-zinc oxide ores. This ore also contains appreciable amounts of silver and iron. Phase analysis was conducted on the raw ore using the chemical method with the results shown in Table 2 . Phase compositions are complex for both the lead and zinc minerals. Oxide minerals are dominant, followed by sulfide minerals, and iron and manganese oxides or hydroxides. Quantitative mineral compositions of the ore were determined using a microscope and a Mineral Liberation Analyzer (MLA, FEI, Hillsboro, OR, USA), an automatic minerals measurement system, shown in Table 3 . 
Results and Discussion
Results show that zinc-containing minerals include sphalerite, hemimorphite, smithsonite, hydrozincite, sheridanite and zinc-bearing dolomite and calcite. Lead-containing minerals include galena, cerussite, and small amounts of anglesite and cesarolite. There are also other minerals, such as limonite (which also contains lead and zinc), acanthite, native silver, pyrite, small amounts of chalcopyrite and enargite, quartz, chlorite, mica, feldspar, and essonite. Figure 1 shows dissemination size distributions of the major minerals in the raw ore based on microscopic analysis. The dissemination size for the major minerals in this ore falls within medium range. Galena has the coarsest dissemination size, ranging from 0.16 to 2.56 mm. The dissemination sizes for sphalerite and cerussite are also relatively coarse, ranging from 0.04 to 1.28 mm. Hemimorphite and smithsonite have the finest size, falling between 0.02 and 1.28 mm.
Dissemination Size and Degree of Liberation of Major Minerals
as limonite (which also contains lead and zinc), acanthite, native silver, pyrite, small amounts of chalcopyrite and enargite, quartz, chlorite, mica, feldspar, and essonite. Figure 1 shows dissemination size distributions of the major minerals in the raw ore based on microscopic analysis. The dissemination size for the major minerals in this ore falls within medium range. Galena has the coarsest dissemination size, ranging from 0.16 to 2.56 mm. The dissemination sizes for sphalerite and cerussite are also relatively coarse, ranging from 0.04 to 1.28 mm. Hemimorphite and smithsonite have the finest size, falling between 0.02 and 1.28 mm. To prevent over-grinding, the degree of liberation of the minerals was measured at different grinding fineness. Results in Table 4 show that galena, sphalerite, cerussite, hemimorphite and smithsonite are all well liberated when ground to 66% passing 0.074 mm. 

Dissemination Characteristics of Major Minerals
Dissemination characteristics of the major minerals were determined using an optical microscope, a scanning electron microscope and an energy spectrum, and they are summarized below. To prevent over-grinding, the degree of liberation of the minerals was measured at different grinding fineness. Results in Table 4 show that galena, sphalerite, cerussite, hemimorphite and smithsonite are all well liberated when ground to 66% passing 0.074 mm. 
Sphalerite, ZnS
Dissemination Characteristics of Major Minerals
Dissemination characteristics of the major minerals were determined using an optical microscope, a scanning electron microscope and an energy spectrum, and they are summarized below.
Sphalerite, ZnS
It contains 64.48% Zn on average and 0.73%-2.38% Fe. As is shown in Figure 2 , this is a lightly colored, iron-containing sphalerite. Some particles contain 0.3%-0.72% Cd, with a small number of particles containing indium. This ore contains two types of sphalerite formed at different periods. One type has a relatively complete crystal formation and contains relatively higher iron. The crystals It contains 64.48% Zn on average and 0.73%-2.38% Fe. As is shown in Figure 2 , this is a lightly colored, iron-containing sphalerite. Some particles contain 0.3%-0.72% Cd, with a small number of particles containing indium. This ore contains two types of sphalerite formed at different periods. One type has a relatively complete crystal formation and contains relatively higher iron. The crystals are formed alternately with pyrite, showing idiomorphic and hypidiomorphic idiomorphic crystal aggregates, with some residual pyrite replacement as well as replacement by hemimorphite and smithsonite. In the second type, sphalerite is formed by crystalizing from colloidal solution, showing colloidal solution micro-crystal aggregates, and contains fine galena and calcite. 
Smithsonite, ZnCO3
This mineral contains 43.96%-52.76% zinc averaging 50.93%, with small amounts of Ca, Fe, Pb, and Si. The dissemination of smithsonite is complex in the following ways: (1) replacing sphalerite to form hexagonal prism crystal smithsonite aggregates; (2) crystallization of smithsonite from colloidal solution forming a bean-shaped aggregate ( Figure 3) ; (3) local co-existence with hydrozincite, where crystal smithsonite shows a skeleton shape with densely compacted hydrozincite filling the lattices, or smithsonite is replaced by hydrozincite, forming a complex co-existence relationship; and (4) distribution in zinc-bearing dolomite by dissemination. 
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This mineral contains 43.96%-52.76% zinc averaging 50.93%, with small amounts of Ca, Fe, Pb, and Si. The dissemination of smithsonite is complex in the following ways: (1) replacing sphalerite to form hexagonal prism crystal smithsonite aggregates; (2) crystallization of smithsonite from colloidal solution forming a bean-shaped aggregate ( Figure 3) ; (3) local co-existence with hydrozincite, where crystal smithsonite shows a skeleton shape with densely compacted hydrozincite filling the lattices, or smithsonite is replaced by hydrozincite, forming a complex co-existence relationship; and (4) distribution in zinc-bearing dolomite by dissemination.
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Smithsonite, ZnCO3
This mineral contains 43.96%-52.76% zinc averaging 50.93%, with small amounts of Ca, Fe, Pb, and Si. The dissemination of smithsonite is complex in the following ways: (1) replacing sphalerite to form hexagonal prism crystal smithsonite aggregates; (2) crystallization of smithsonite from colloidal solution forming a bean-shaped aggregate ( Figure 3) ; (3) local co-existence with hydrozincite, where crystal smithsonite shows a skeleton shape with densely compacted hydrozincite filling the lattices, or smithsonite is replaced by hydrozincite, forming a complex co-existence relationship; and (4) distribution in zinc-bearing dolomite by dissemination. form of common lumpy and crusty aggregates, within which there are cyclic structured metacolloid inclusions of limonite, cesarolite and calcite, and occasionally helical shape acanthite; (3) after leaching dissolution, hemimorphite fills the voids of the skeleton formed by limonite; and (4) This mineral is composed of 52.02%-54.89% zinc (averaging 53.46%), 0.17%-3.90% Fe, and 0.17%-0.94% Al. The dissemination of hemimorphite is also complex, and takes the following forms: (1) irregular particles and plate crystals distributed in zinc-bearing dolomite ( Figure 4) ; (2) in the form of common lumpy and crusty aggregates, within which there are cyclic structured metacolloid inclusions of limonite, cesarolite and calcite, and occasionally helical shape acanthite; (3) after leaching dissolution, hemimorphite fills the voids of the skeleton formed by limonite; and (4) vein pattern hemimorphite penetrates within hydrozincite, sheridanite and calcite. 
Galena, PbS
The galena mineral in this ore contains 86.53% PbS, very close to its theoretical content of 86.60%, and insignificant amounts of Fe and Zn. Two mineral formations were identified for this mineral. In the first formation, galena metasomatizes along rock cracks, forming irregular granules and lumps. The second formation involves galena co-existing with metacolloid sphalerite, with galena cemented either inside the sphalerite or along its edges. In addition, galena is often metasomatized by acanthite. Galena residual crystals can be found in acanthite. Cerussite and acanthite are also found to metasomatize with galena simultaneously.
Cerussite, PbCO3
This mineral contains 76.51% Pb, 0.48% zinc, 0.16% Ca, 0.32% Fe, and 0.02% Si. Cerussite disseminates in the following modes: (1) replacing galena and often co-existing with anglesite ( Figure  5) ; (2) self-forming cerussite crystal disseminated in smithsonite aggregates and hemimorphite crystals; (3) a small amount of cerussite is detected in limonite crystals; and (4) some micro-vein pattern cerussite is found in sphalerite cracks. 
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Cerussite, PbCO 3
This mineral contains 76.51% Pb, 0.48% zinc, 0.16% Ca, 0.32% Fe, and 0.02% Si. Cerussite disseminates in the following modes: (1) replacing galena and often co-existing with anglesite ( Figure 5) ; (2) self-forming cerussite crystal disseminated in smithsonite aggregates and hemimorphite crystals; (3) a small amount of cerussite is detected in limonite crystals; and (4) some micro-vein pattern cerussite is found in sphalerite cracks. Table 5 . Lead is concentrated in galena and Table 5 . Lead is concentrated in galena and cerussite, accounting for about 72%, with the rest being in cesarolite (11.74%), limonite (12.42%), anglesite (1.3%), and others (2.25%). Therefore, the theoretical lead recovery is 72%, because only the lead in galena and cerussite is recoverable. 
Zinc Distribution in Major Minerals
Zinc distribution in different minerals is calculated in the same manner as lead, with the results shown in Table 6 . Zinc is distributed in more minerals. Zinc in sphalerite, hemimorphite and smithsonite accounts for 66.6% of the total zinc, which also represents the theoretical recovery for zinc from this ore. 
Conclusions
Both lead and zinc levels in this ore exceed the minimum industrial grade for lead-zinc oxide ores with relatively high amounts of silver and iron. Numerous minerals exist in this ore, including sphalerite, hemimorphite, smithsonite, hydrozincite , sheridanite, zinc-bearing dolomite and calcite, galena, cerussite, and small amounts of lead-vanadium manganese ore and cesarolite, limonite (which also contains lead and zinc), acanthite, natural silver, pyrite, as well as small amounts of chalcopyrite, enargite, quartz, chlorite, mica, feldspar, and essonite.
The dissemination size of the major minerals falls within the medium range. The degree of liberation is quite good for all the major valuable minerals galena, sphalerite, cerussite, hemimorphite, and smithsonite. This, to some extent, favors separation using routine beneficiation techniques. However, only about 70% of lead and zinc is found in the major minerals, with the remaining 30% disseminated in complex mineral. This means that physical separation alone could not achieve high recovery of lead and zinc from this ore.
Lead is concentrated in galena and cerussite, while zinc is mainly found in sphalerite, hemimorphite and smithsonite, with corresponding theoretical recoveries of 72% and 67%.
